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a centerline of the plenum slot and a longitudinal axis of the
gas turbine engine and varies about a circumierence of the

ABSTRACT

A bleed plenum for a compressor section associated with a
gas turbine engine includes a plenum chamber having a first
wall spaced apart from a second wall to define a plenum slot
configured to receive a tlow of fluid from the compressor
section. A slot angle of the plenum slot 1s defined between

bleed plenum. The second wall includes a bullnose having a
wedge angle defined between the second wall and a surface
associated with the compressor section. The bullnose faces
into the flow of fluid through the plenum slot, and the wedge

angle of the bullnose varies about the circumierence of the

bleed plenum.
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BLEED PLENUM FOR COMPRESSOR
SECTION

TECHNICAL FIELD

The present disclosure generally relates to a compressor
section, and more particularly relates to a bleed plenum for
a compressor section associated with a gas turbine engine.

BACKGROUND

(Gas turbine engines may be employed to power various
devices. For example, a gas turbine engine may be employed
to propel or supply power to a mobile platform, such as an
aircraft. Gas turbine engines include a compressor section
that 1ncreases a pressure of a fluid, such as air, prior to
combustion. In certain instances, the pressurized fluid may
be bled from the compressor section to supply air to sec-
ondary flow circuits, such as cabin air systems, cooling
systems associated with the gas turbine engine, etc. The
bleeding of the pressurized fluid, however, creates aerody-
namic loss, which reduces an efliciency of the gas turbine
engine and may increase fuel consumption.

Accordingly, 1t 1s desirable to provide a bleed plenum for
a compressor section associated with a gas turbine engine,
which has reduced aerodynamic losses. Furthermore, other
desirable features and characteristics of the present inven-
tion will become apparent from the subsequent detailed
description and the appended claims, taken in conjunction
with the accompanying drawings and the foregoing techni-
cal field and background.

SUMMARY

According to various embodiments, provided i1s a bleed
plenum for a compressor section associated with a gas
turbine engine. The bleed plenum includes a plenum cham-
ber having a first wall spaced apart from a second wall to
define a plenum slot configured to receive a tlow of fluid
from the compressor section. A slot angle of the plenum slot
1s defined between a centerline of the plenum slot and a
longitudinal axis of the gas turbine engine and varies about
a circumierence of the bleed plenum. The second wall
includes a bullnose having a wedge angle defined between
the second wall and a surface associated with the compres-
sor section. The bullnose faces into the flow of fluid through
the plenum slot, and the wedge angle of the bullnose varies
about the circumierence of the bleed plenum.

The bleed plenum includes at least one bleed valve
coupled to the plenum chamber and configured to define a
first tlow zone and a second flow zone through the bleed
plenum. The slot angle has a first value range at the first flow
zone and the slot angle has a second value range at the
second flow zone. The first value range i1s greater than the
second value range. The plenum slot 1s continuous about the
circumierence of the bleed plenum. The first flow zone 1s
defined adjacent to the at least one bleed valve and the
second flow zone 1s defined so as to be circumierentially
spaced apart from the at least one bleed valve. The first wall
extends at a first wall angle relative to the longitudinal axis,
and the first wall angle varies about the circumierence of the
bleed plenum. The second wall extends at a second wall
angle relative to the longitudinal axis, the second wall angle
varies about the circumierence of the bleed plenum and the
second wall angle 1s diflerent than the slot angle.

Also provided 1s a compressor section for a gas turbine
engine. The compressor section includes at least one com-
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pressor stage, and a bleed plenum disposed circumieren-
tially about the at least one compressor stage. The bleed

plenum 1ncludes a bleed valve and a plenum slot defined
between a first wall and a second wall of the bleed plenum.
The plenum slot 1s continuous about a circumierence of the
bleed plenum. The bleed valve 1s configured to define a first
flow zone and a second flow zone through the bleed plenum,
and a slot angle of the plenum slot defined between a
centerline of the plenum slot and a longitudinal axis of the
gas turbine engine varies about the circumiference of the
bleed plenum.

The second wall includes a bullnose having a wedge angle
defined between the second wall and a surface associated
with the compressor section, the bullnose facing into the
flow of fluid through the plenum slot, and the wedge angle
ol the bullnose varies about the circumierence of the bleed
plenum. The slot angle has a first value range at the first flow
zone and the slot angle has a second value range at the
second flow zone, and the first value range 1s different than
the second value range. The first value range 1s greater than
the second value range. The first flow zone 1s defined
adjacent to the bleed valve. The second flow zone 1s defined
so as to be circumierentially spaced apart from the bleed
valve. The first wall extends at a first wall angle relative to
the longitudinal axis, and the first wall angle varies about the
circumierence of the bleed plenum. The second wall extends
at a second wall angle relative to the longitudinal axis, the
second wall angle varies about the circumierence of the
bleed plenum and the second wall angle 1s different than the
slot angle. The first wall and the second wall extend from a
plenum chamber, the plenum slot 1s fluidly coupled to the
plenum chamber, and the bleed valve 1s fluidly coupled to
the plenum chamber.

Further provided 1s a gas turbine engine that extends
along a longitudinal axis. The gas turbine engine 1includes a
compressor section having at least one compressor stage,
and a bleed plenum disposed circumierentially about the at
least one compressor stage. The bleed plenum 1ncludes a
bleed valve and a plenum chamber including a first wall and
a second wall that cooperate to define a plenum slot that 1s
continuous about a circumierence of the bleed plenum. The
bleed valve 1s configured to define a first flow zone and a
second flow zone through the bleed plenum. A slot angle of
the plenum slot defined between a centerline of the plenum
slot and the longitudinal axis varies about the circumierence
of the bleed plenum. The second wall includes a bullnose
having a wedge angle defined between the second wall and
a surface associated with the compressor section, the bull-
nose facing into the flow of fluid through the plenum slot,
and the wedge angle of the bullnose wvaries about the
circumierence of the bleed plenum.

The slot angle has a first value range at the first flow zone
that 1s greater than a second value range of the slot angle at
the second flow zone. The first flow zone 1s defined about
and adjacent to the bleed valve, and the second flow zone 1s
defined so as to be circumierentially spaced apart from the
bleed valve.

DESCRIPTION OF THE DRAWINGS

The exemplary embodiments will heremafter be
described 1n conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 1s a schematic cross-sectional 1llustration of a gas
turbine engine, which includes an exemplary bleed plenum
for a compressor section 1n accordance with the various
teachings of the present disclosure;
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FIG. 2 1s a schematic meridional sectional view through
the compressor section of FIG. 1, which illustrates the bleed

plenum positioned about an exemplary stage of the com-
pressor section;

FIG. 3 1s a front view of the bleed plenum;

FI1G. 4 15 a cross-sectional view of the bleed plenum, taken
along line 4-4 of FIG. 3;

FIG. 5 1s a detail cross-sectional view of the bleed plenum
at a second, low flow zone taken at 5 on FIG. 4; and

FIG. 6 1s a detail cross-sectional view of the bleed plenum

at a first, high flow zone taken at 6 on FIG. 4.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary in
nature and 1s not intended to limit the application and uses.
Furthermore, there i1s no itention to be bound by any
expressed or mmplied theory presented in the preceding
technical field, background, brief summary or the following
detailed description. In addition, those skilled in the art will
appreciate that embodiments of the present disclosure may
be practiced in conjunction with any type of device that
would benefit from a bleed plenum and the use of the bleed
plenum for a compressor section associated with a gas
turbine engine described herein 1s merely one exemplary
embodiment according to the present disclosure. In addition,
while the bleed plenum 1s described heremn as being used
with a gas turbine engine onboard a mobile platiorm, such
as a bus, motorcycle, train, motor vehicle, marine vessel,
aircraft, rotorcraft and the like, the various teachings of the
present disclosure can be used with a gas turbine engine on
a stationary platform. Further, it should be noted that many
alternative or additional functional relationships or physical
connections may be present in an embodiment of the present
disclosure. In addition, while the figures shown herein depict
an example with certain arrangements of elements, addi-
tional intervening elements, devices, features, or compo-
nents may be present 1n an actual embodiment. It should also
be understood that the drawings are merely 1llustrative and
may not be drawn to scale.

As used herein, the term ““axial” refers to a direction that
1s generally parallel to or coincident with an axis of rotation,
axis ol symmetry, or centerline of a component or compo-
nents. For example, 1n a cylinder or disc with a centerline
and generally circular ends or opposing faces, the “axial”
direction may refer to the direction that generally extends 1n
parallel to the centerline between the opposite ends or faces.
In certain instances, the term “axial” may be utilized with
respect to components that are not cylindrical (or otherwise
radially symmetric). For example, the “axial” direction for a
rectangular housing contaiming a rotating shait may be
viewed as a direction that 1s generally parallel to or coinci-
dent with the rotational axis of the shaft. Furthermore, the
term “radially” as used herein may refer to a direction or a
relationship of components with respect to a line extending,
outward from a shared centerline, axis, or similar reference,
for example 1n a plane of a cylinder or disc that 1s perpen-
dicular to the centerline or axis. In certain instances, com-
ponents may be viewed as “radially” aligned even though
one or both of the components may not be cylindrical (or
otherwise radially symmetric). Furthermore, the terms
“axial” and “radial” (and any derivatives) may encompass
directional relationships that are other than precisely aligned
with (e.g., oblique to) the true axial and radial dimensions,
provided the relationship 1s predominantly in the respective
nominal axial or radial direction. As used herein, the term
“substantially” denotes within 5% to account for manufac-
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turing tolerances. Also, as used herein, the term “‘about”
denotes within 5% of a value to account for manufacturing
tolerances.

With reference to FIG. 1, a partial, cross-sectional view of
an exemplary gas turbine engine 100 1s shown with the
remaining portion of the gas turbine engine 100 being
substantially axisymmetric about a longitudinal axis 139,
which also comprises an axis of rotation for the gas turbine
engine 100. In the depicted embodiment, the gas turbine
engine 100 1s an annular multi-spool turbofan gas turbine jet
engine. As will be discussed herein, the gas turbine engine
100 includes a bleed plenum 200 associated with a com-
pressor section 104. The bleed plenum 200 reduces aerody-
namic loss by varying a slot angle of a plenum slot 208 (FIG.
4) about a circumierence of the bleed plenum 200. By
reducing aerodynamic loss, the bleed plenum 200 improves
an efliciency of the compressor section 104 and thus, the gas
turbine engine 100. In addition, by reducing acrodynamic
loss, the bleed plenum 200 also increases bleed tlow capac-
ity. In this regard, reducing the acrodynamic loss increases
supply pressure at an inlet of a bleed valve 202 associated
with the bleed plenum 200, which drives more tflow capacity
out of the compressor section 104 while minimizing the
impact on specific fuel consumption. It should be noted that
while the bleed plenum 200 1s illustrated and described
herein as being used with the gas turbine engine 100, the
bleed plenum 200 can be employed with various types of
engines, including, but not limited to, gas turbine engines
included with auxiliary power units, turbotfan, turboprop,
turboshaift, and turbojet engines, whether deployed onboard
an aircrait, watercraft, or ground vehicle (e.g., a tank),
included within industrial power generators, or utilized
within another platform or application. In this example, the
gas turbine engine 100 1s employed within an aircrait 99.

In this example, with reference back to FIG. 1, the gas
turbine engine 100 includes a fan section 102, the compres-
sor section 104, a combustor section 106, a turbine section
108, and an exhaust section 110. The fan section 102
includes a fan 112 that draws air into the gas turbine engine
100 and accelerates it. A fraction of the accelerated air
exhausted from the fan 112 1s directed through an outer (or
first) bypass duct 116 and the remaining fraction of air
exhausted from the fan 112 is directed into the compressor
section 104 along a core tlowpath 117. The outer bypass duct
116 1s generally defined between an mner casing 118 and an
outer casing 119. The compressor section 104 includes one
or more stages 120, which will be discussed 1n greater detail
below. The compressor section 104 sequentially raises the
pressure of the air and directs a majority of the high pressure
air into the combustor section 106. A bleed valve 202
extracts a fraction of the compressed air through the bleed
plenum 200, which 1s provided to a consumer 199 (FI1G. 4),
such as a secondary tlow circuit, including but not limited to,
a cooling circuit used to cool, among other components,
turbine blades 1n the turbine section 108, a cabin air system,
a system for stage matching of one of the compressor stages
120a, 12056, 1204, etc.

In the combustor section 106, which includes a combus-
tion chamber 124, the high pressure air 1s mixed with fuel,
which 1s combusted. The high-temperature combustion air 1s
directed into the turbine section 108. In this example, the
turbine section 108 includes three turbines disposed 1n axial
flow series, namely, a high pressure turbine 126, an inter-
mediate pressure turbine 128, and a low pressure turbine
130. However, 1t will be appreciated that the number of
turbines, and/or the configurations thereof, may vary. In this
embodiment, the high-temperature air from the combustor
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section 106 expands through and rotates each turbine 126,
128, and 130. As the turbines 126, 128, and 130 rotate, each

drives equipment 1n the gas turbine engine 100 via concen-
trically disposed shailts or spools. In one example, the high
pressure turbine 126 and the intermediate pressure turbine
128 drives the stages 120 1n the compressor section 104 via
shafts 134, 136, and the low pressure turbine 130 drives the
fan 112 via a shaft 138.

With reference to FIG. 2, a meridional sectional view
through the compressor section 104 1s shown. In this
example, the compressor section 104 includes an axial
compressor section 140 and a centrifugal compressor section
142. The axial compressor section 140 includes one or more
rotors 144 and one or more stators 146 arranged 1in one or
more stages 120 1n an axial direction along the centerline or
longitudinal axis 139. In one example, the axial compressor
section 140 comprises a four stage axial compressor. It
should be noted, however, that the axial compressor section
140 can include a number of stages 120, and thus, the
number of stages 1llustrated and described herein 1s merely
exemplary. In this example, the one or more rotors 144
includes four rotors 144a-144d and the one or more stators
146 includes four stators 146a-146d. The four rotors 144a-
1444 and the four stators 146a-146d cooperate to define the
four stages 120a-120d of the axial compressor section 140,
with rotor 144a and stator 146a forming a first stage 120aq;
rotor 1445 and stator 1465 forming a second stage 1205;
rotor 144¢ and stator 146¢ forming a third stage 120c¢; and
rotor 1444 and stator 1464 forming a fourth stage 120d. As
will be discussed herein, the bleed plenum 200 1s positioned
circumierentially about one or more of the stages 120a-
1204d. In this example, the bleed plenum 200 1s positioned
circumierentially about the stator 146c¢, however, the bleed
plenum 200 may be positioned circumierentially about any
one of the stators 146a-1464.

The axial compressor section 140 also includes an inlet
guide vane system 148, which 1s upstream from the first
stage 120a. The centrifugal compressor section 142 includes
an i1mpeller 150, and may also include a diffuser and a
deswirl section (not shown). Since the inlet guide vane
system 148, the stages 120a-1204d, the impeller 150 and the
diffuser and deswirl section are generally known 1n the art,
they will not be discussed 1n great detail herein.

With reference to FI1G. 3, a front view of the bleed plenum
200 1s shown. In this example, the bleed plenum 200
includes at least one of the bleed valves 202, and 1n this
example, includes two bleed valves 202a, 2025. The bleed
plenum 200 also 1ncludes a first wall 204 and a second wall
206 that cooperate to define a plenum slot 208. The bleed
valves 202a, 20256 each have an inlet 207 1n fluild commu-
nication with the plenum slot 208 and an outlet 209 (FIG. 4)
in tfluid communication with the consumer 199 (FIG. 4).
Each of the outlets 209 1s coupled to ducting, pneumatic
hoses, conduits, and the like to direct the air bled from the
core tlowpath 117 to the consumer 199 (FIG. 4). In one
example, the bleed valves 202a, 2025 are each electronically
controlled valves, such as an electronically controlled air
flow valve, and are each 1n communication with a controller
associated with the gas turbine engine 100, such as a
FADEC, which has a suitable processor and memory to

receive one or more control signals to open the bleed valve
202a, 20256 to enable bleed airflow to the consumer 199

(FIG. 4), or to close the bleed valve 202a, 2025 to mhibit
airtlow to the consumer 199 (FI1G. 4). The bleed valves 202a,
202b6 may also be controlled to various positions between
open and closed. In other embodiments, the bleed valves
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202a, 2026 may be pneumatic valves, which are controlled
by a source of air supplied from the controller of the gas
turbine engine 100.

In this example, the bleed valves 202 are positioned at
about bottom dead center of a circumierence of the bleed
plenum 200. In other words, the circumierence of the bleed
plenum 200 1s at top dead center at 0 degrees or 210aq, 1s at
90 degrees at 2105, 1s at 180 degrees or bottom dead center
at 210c and 1s at 270 degrees at 210d. The bleed valves 202a,
2025 are each positioned adjacent to or about at bottom dead
center 210¢, which results 1n a non-uniform flow distribution
through the plenum slot 208 as the mass flow rate of air
increases near the location of the bleed valves 202. By
positioning the bleed valves 202a, 2025 adjacent to or about
at bottom dead center 210c, a first, high flow zone 212 is
generated about and adjacent to the bleed valves 202a, 2025.
The bleed valves 202a, 20256 are controlled to open to draw
fluid from the core tlowpath 117 to an area of lower pressure
than the fluid in the core flowpath 117. The difference in
pressure creates the high flow zone 212 as when the bleed
valves 202a, 2025 are opened, the fluid in the core flowpath
117 1s drawn 1nto the area of low pressure. The fluid has a
first mass flow rate range at the high tflow zone 212, which
1s different and greater than a second mass flow rate range
of the fluid at a second, low flow zone 214.

The high flow zone 212 generally extends for about 45
degrees on either side of the bleed valve 202. In this
example, since the bleed valves 202a, 20256 are adjacent to
cach other, the high flow zone 212 extends for about 90
degrees along the bleed plenum 200, from about 135 degrees
at high flow boundary 212a to about 225 degrees at high
flow boundary 2125. A remainder of the circumierence of
the bleed plenum 200 1s the second, low tlow zone 214 as the
mass flow rate 1s low through the remainder of the plenum
slot 208 due to the absence of the bleed valves 202. In this
regard, as the remainder of the bleed plenum 200 1s devoid
of bleed valves 202, the flow of the air through the bleed
plenum 200 has the second mass flow rate range, which 1s
different and less than the first mass flow rate range of the
fluid 1n the high flow zone 212. Thus, the bleed valves 202
create an increase 1n local mass flow rates or the high tlow
zone 212, and the absence of the bleed valves 202 results 1n
a decrease 1n local mass flow rates or the low tlow zone 214.
The low flow zone 214 extends from about 225 degrees at
low flow boundary 214a to zero degrees at top dead center
210a and from top dead center 210a to about 135 degrees at
low flow boundary 214b. The second mass flow rate range
or the low flow zone 214 1s defined circumierentially spaced
apart from the bleed valve 202. In one example, the total
mass flow rate of air through the bleed plenum 200 1s about
0.1% to about 30% of the total mass flow rate through the
core tlowpath 117. In this example, the high flow zone 212
1s an area of the bleed plenum 200 in which the mass tlow
rate of airtlow through the plenum slot 208 1s 50% or greater
of the total mass tlow rate of air through the bleed plenum
200. The low tlow zone 214 1s an area of the bleed plenum
200 1n which the mass flow rate of airflow through the
plenum slot 208 1s below or less than 50% of the total mass
flow rate of air through the bleed plenum 200. Thus, the
mass flow rate of the air through the bleed plenum 200 at the
high flow zone 212 1s 50% or greater of the total mass flow
rate through the bleed plenum 200 (or 30% of the about
0.1% to about 30% of the total mass flow rate through the
core flowpath 117) and the mass flow rate of the air through
the bleed plenum 200 at the low flow zone 214 1s less than
50% (or less than 50% of the about 0.1% to about 30% of

the total mass flow rate through the core tlowpath 117).
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In this example, each of the first wall 204 and the second
wall 206 are annular and are spaced apart about the longi-
tudinal axis 139. With retference to FI1G. 4, the first wall 204
and the second wall 206 extend from a plenum chamber 220
and cooperate to define the plenum slot 208. The plenum slot
208 1s a continuous opening defined between the first wall
204 and the second wall 206 about the circumierence of the
bleed plenum 200. The first wall 204 faces into the fluid
flow, and defines a leading end of the plenum slot 208. The
first wall 204 extends along an axis A, which 1s transverse
or oblique to the longitudinal axis 139. The first wall 204
extends from a first end 204a to a second end 2045. In one
example, the first end 204a of the first wall 204 1s upstream
from the second end 2045. In this example, the first end 204a
of the first wall 204 1s curved to avoid flow separation. The
second end 2045 1s coupled to the plenum chamber 220. The
first wall 204 1s also defined at an angle v, which 1s defined
between the first wall 204 and the longitudinal axis 139. In
one example, the angle v 1s about 170 degrees to about 150
degrees 1n the low flow zone 214 and the angle v 1s about 149
degrees to about 125 degrees in the high tlow zone 212.
Thus, the angle v of the first wall 204 relative to the
longitudinal axis 139 varies about the circumiference of the
bleed plenum 200, as the angle v of the first wall 204 1n the
low tlow zone 214 1s diflerent and less than the angle v of the
first wall 204 1n the high flow zone 212. Generally, the angle
v of the first wall 204 transitions linearly at the high flow
boundary 2125 to the angle v 1n the low flow zone 214 to
provide a smooth transition between the diflerent angle
ranges; and transitions linearly at the low flow boundary
214b to the angle v of the first wall 204 1n the high flow zone
212 to provide a smooth transition between the different
angle ranges.

The second wall 206 1s downstream of the first wall 204
in the direction of tlow of the core tlowpath 117, and defines
a trailing end of the plenum slot 208. The second wall 206
extends along an axis A2, which 1s transverse or oblique to
the longitudinal axis 139. The second wall 206 extends from
a first end 206a to a second end 2065. In one example, the
first end 206a of the second wall 206 1s upstream from the
second end 206b. The second end 2065 1s coupled to the
plenum chamber 220. The second wall 206 includes a
bullnose 224 that faces into the flow of fluid in the core
flowpath 117 to guide the tluid into the plenum slot 208.
With reference to FIG. 5, the bullnose 224 1s at the first end
2064 of the second wall 206, and 1s defined between the first
end 206a and a casing surface 226 downstream of the second
wall 206. The casing surface 226 1s a portion of the inner
casing 118 associated with the compressor section 104 of the
gas turbine engine 100 (FIG. 1), which defines the core
flowpath 117. The bullnose 224 has a wedge angle (3, which
1s defined between a first wedge point 224a on the second
wall 206 and a second wedge point 224b on the casing
surface 226. In order to determine the wedge angle (3, a line
227 that 1s equidistant between the second wall 206 and the
casing surface 226 1s defined, and a circle or ellipse 229
having a center point 229« at the line 227 1s defined such that
an arc 22956 of the ellipse 229 matches the profile of the
bullnose 224. The first wedge point 224qa 1s a tangency point
between the ellipse 229 and the second wall 206, and the
second wedge point 2245 1s a tangency point between the
cllipse 229 and the casing surface 226. A line 231 1s defined
through the center point 229a normal to the line 227. A first
angle 31 1s defined between the first wedge point 224a and
the line 231, and a second angle p2 1s defined between the
second wedge point 2245 and the line 231. The wedge angle
3 1s the sum of the first angle 31 and the second angle [32.
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The wedge angle 3 1s about O degrees to about 180 degrees,
and 1n one example, 1s about 20 degrees to about 90 degrees.
Generally, the wedge angle p of the bullnose 224 defined
between the second wall 206 and the casing surface 226
varies about the circumierence of the bleed plenum 200. The
wedge angle {3 of the bullnose 224 transitions linearly about
the circumierence of the bleed plenum 200 to provide a
smooth transition between the diflerent wedge angle ranges.
The wedge angle p reduces the loss caused by a pressure
spike at the bullnose 224. In one example, the wedge angle
3 1s greater 1n the high flow zone 212 as bulk flow velocity
1s higher 1n the high flow zone 212. For example, 1n the high
flow zone 212, the wedge angle [ 1s about 45 degrees to 90
degrees. In this example, the wedge angle 3 1n the low tlow
zone 214 1s different and less than the wedge angle 3 1n the
high flow zone 212 as bulk flow velocity 1s less 1n the low
flow zone 214. For example, 1n the low flow zone 214, the
wedge angle p 1s about 20 degrees to about 40 degrees.
Increasing the wedge angle 3 1n the high flow zone 212 may
suppress tlow acceleration at the bullnose 224 along with a
combination of the elliptical shape of the bullnose 224.

In addition, the second wall 206 1s also defined at an angle
v2, which 1s defined between the second wall 206 and the
longitudinal axis 139. In one example, the angle v2 1s about
10 degrees to about 30 degrees in the low tlow zone 214 and
the angle v2 1s about 31 degrees to about 55 degrees in the
high flow zone 212. It should be noted that in other embodi-
ments, the range of values for the angle v2 may be different.
The angle v2 of the second wall 206 relative to the longi-
tudinal axis 139 varies about the circumierence of the bleed
plenum 200, as the angle v2 of the second wall 206 1n the
low tlow zone 214 1s diflerent and less than the angle v2 of
the second wall 206 1n the high tlow zone 212. Generally, the
angle y2 of the second wall 206 transitions linearly at the
high flow boundary 2125 to the angle v2 1n the low tlow zone
214 to provide a smooth transition between the different
angle ranges; and transitions linearly at the low flow bound-
ary 2145 to the angle v2 of the second wall 206 in the high
flow zone 212 to provide a smooth transition between the
different angle ranges.

With reference to FIG. 4, the plenum slot 208 has a
centerline C that extends from the plenum inlet 208a to a
plenum outlet 208b6. The centerline C 1s transverse or
oblique to the longitudinal axis 139. The plenum slot 208
extends at a slot angle o, which 1s defined between the
longitudinal axis 139 and the centerline C of the plenum slot
208. In one example, the slot angle o 1s about 10 degrees to
about 39 degrees in the low tlow zone 214. With reference
to FIG. 6, the slot angle a 1s shown 1n the high flow zone
212. In the high flow zone 212, the slot angle a 1s about 40
degrees to about 70 degrees. Thus, the slot angle o of the
plenum slot 208 defined between the centerline C and the
longitudinal axis 139 varies about the circumierence of the
bleed plenum 200, as the slot angle . of the plenum slot 208
in the low flow zone 214 1s different and less than the slot
angle a of the plenum slot 208 1n the high flow zone 212.
The slot angle o has a first slot angle range 1n the high tflow
zone 212, which has the first mass flow rate range, and a
second slot angle range 1n the low flow zone 214, which has
the second mass flow rate range. Generally, the slot angle o
of the plenum slot 208 transitions linearly at the high tflow
boundary 2125 to the slot angle ¢ 1n the low flow zone 214
to provide a smooth transition between the different slot
angle ranges; and transitions linearly at the low flow bound-
ary 2145b to the slot angle o of the plenum slot 208 in the
high tlow zone 212 to provide a smooth transition between
the different slot angle ranges. In this example, the plenum
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slot 208 has an expanding difluser shape, such that the slot
angle a 1s different than the angle v2 of the second wall 206.
By providing the plenum slot 208 with the diffuser shape and
the angle v2 of the second wall 206 diflerent and smaller
than the slot angle o, pressure may be recovered inside of
the plenum chamber 220. In other embodiments, the plenum
slot 208 may have a Stralght shape, such that the angle v2 of

the second wall 206 1s about the same as the slot angle a.
With reference back to FIG. 4, the second end 2045 of the

first wall 204 and the second end 20656 of the second wall
206 are each coupled to the plenum chamber 220. The
plenum chamber 220 1s fluidly coupled to the plenum slot
208 to receive the fluid from the core flowpath 117. The
plenum chamber 220 1s annular, and includes a plurality of
walls 230 that cooperate to enclose the plenum chamber 220.
In this example, the plenum chamber 220 includes a forward
wall 230a, a top wall 2305, an aft wall 230c¢ and a bottom
wall 230d. One or more of the walls 230a-2304 may be
interconnected by a curved surface or fillet, 1f desired. The
torward wall 230q 1s upstream from the aft wall 230c¢ 1n the
direction of the core tlowpath 117. In one example, the inlet
207 of the bleed valves 202a, 2025 may be defined where the
torward wall 230a meets the top wall 2305 adjacent to
bottom dead center 210c¢. The top wall 2305 defines an outer
perimeter of the plenum chamber 220 and interconnects the
torward wall 230a with the aft wall 230c¢. The aft wall 230c¢
1s downstream from the forward wall 230q, and intercon-
nects the top wall 2306 with the bottom wall 2304. The
bottom wall 2304 defines the inner perimeter of the plenum
chamber 220. The first wall 204 and the second wall 206 are
coupled to and extend from the bottom wall 2304 to define
the plenum slot 208. Thus, generally, the bottom wall 2304
defines an opening about the inner perimeter i fluid com-
munication with the plenum slot 208 to receive the fluid or
air from the core flowpath 117.

It should be noted that the arrangement of the bleed valves
202 1n the bleed plenum 200 i1s an example, as any number
of bleed valves 202 may be employed, and the bleed valves
202a, 20256 may be located at any desired position along the
bleed plenum 200. Based on the arrangement and position of
the bleed valves 202, the high flow zones 212 and the low
flow zones 214 are generated or defined. The slot angle o
and the wedge angle p for the bleed plenum 200 at a
particular circumierential location 1s predetermined based
on the local mass flow rate of the air flow. Generally, 1n the
example of two bleed valves 202qa, 2025, the high flow zone
212 15 defined for about 45 degrees adjacent to the bleed
valve 202, or extends for about 45 degrees circumierentially
on one side of the bleed valve 202 and extends for about 45
degrees circumierentially on the opposite side of the bleed
valve 202. In the high flow zones 212, the slot angle range
of the plenum slot 208 1s greater than the slot angle range of
the plenum slot 208 1n the low flow zones 214, and the
wedge angle range of the bullnose 224 varies about the
circumierence of the bleed plenum 200. As discussed, the
slot angle o of the plenum slot 208 and the wedge angle 3
of the bullnose 224 may transition linearly between the
respective slot angle range and wedge angle range. By
varying the slot angle o of the plenum slot 208 and the
wedge angle p of the bullnose 224 about the circumierence
of the bleed plenum 200, acrodynamic loss 1s reduced 1n the
plenum slot 208, which leads to higher stagnation pressure
available 1n the plenum chamber 220.

In one example, the first wall 204, the second wall 206,
and the plenum chamber 220 are integrally or monolithically
formed to be one-piece from a metal or metal alloy; and 1s
formed using additive manufacturing, including, but not
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limited to, direct metal laser sintering (DMLS). The bleed
valves 202 are flmdly and mechanically coupled to the
plenum chamber 220. Once assembled, the bleed plenum
200 may be 1nstalled in the gas turbine engine 100 so as to
surround the stator 146¢ (FIG. 4) and the bleed valves 202
may be coupled to the controller associated with the gas

turbine engine 100 (FIG. 1) and the consumer 199 (FI1G. 4).
During operation of the gas turbine engine 100, the bleed
valves 202 may receive one or more control signals from the
controller of the gas turbine engine 100, for example, to
move the bleed valves 202 from the closed position (in
which fluid or air collected 1n the plenum slot 208 and
plenum chamber 220 of the bleed plenum 200 1s stagnant) to
the open position. The bleed valve 202 1s controlled by the
controller of the gas turbine engine 100 (FIG. 1), for
example, to control a tlow of the fluid 1into the plenum slot
208. In the open position, flud or air 1s drawn from the core
flowpath 117 through the plenum slot 208, 1into the plenum
chamber 220 and through the bleed valves 202 to the
consumer 199 (FIG. 4). By varying the slot angle ¢ based on
the local mass flow rate and the wedge angle [, loss
generation 1n the plenum slot 208 1s reduced leading to
higher stagnation pressure available in the plenum chamber
220 of the bleed plenum 200.

In this regard, the varying of the slot angle o based on the
local mass flow rate circumierentially results in the flow
incidence relative to the bullnose 224 to be near zero, which
reduces the aerodynamic loss at the plenum slot 208. In
addition, the varying of the slot angle a based on the local
mass tlow rates of the airflow through the plenum slot 208
(high flow zone 212 or low flow zone 214) and the wedge
angle 3 circumierentially, the bleed plenum 200 has a higher
static pressure recovery lactor across diflerent bleed rates,
where the bleed rates range from 10% to 20% of the total
mass flow rate through the core tlowpath 117. Static pressure
recovery factor i1s defined by static pressure delta between
inlet and 1nside of the bleed plenum 200 normalized by the
inlet dynamic head, which 1s predetermined by computa-
tional fluid dynamics. The higher static pressure recovery
value indicates that there 1s more pressure available to drive
the bleed flow through the plenum slot 208. In one example,
the bleed plenum 200 with the varying of the slot angle o
and the wedge angle 0 circumierentially, results 1n a static
pressure recovery factor of about 0.09 at 10% bleed. In
addition, since the bleed plenum 200 has lower aecrodynamic
loss, the bleed plenum 200 may be positioned further
upstream 1n the compressor section 104 (FIG. 2). The lower
acrodynamic loss generated by the bleed plenum 200 results
in higher static pressure available to drive the flow into the
bleed plenum 200 which reduces fuel consumption associ-
ated with the gas turbine engine 100 (FIG. 1).

In this document, relational terms such as first and second,
and the like may be used solely to distinguish one entity or
action from another enftity or action without necessarily
requiring or implying any actual such relationship or order
between such entities or actions. Numerical ordinals such as
“first,” “second,” “third,” etc. simply denote diflerent singles
of a plurality and do not imply any order or sequence unless
specifically defined by the claim language. The sequence of
the text 1n any of the claims does not imply that process steps
must be performed 1n a temporal or logical order according,
to such sequence unless 1t 1s specifically defined by the
language of the claim. The process steps may be inter-
changed in any order without departing from the scope of the
invention as long as such an mterchange does not contradict
the claim language and is not logically nonsensical.
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While at least one exemplary embodiment has been
presented in the foregoing detailed description, 1t should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the disclosure in any way. Rather, the foregoing detailed
description will provide those skilled 1n the art with a
convenient road map for implementing the exemplary
embodiment or exemplary embodiments. It should be under-
stood that various changes can be made 1n the function and
arrangement of elements without departing from the scope
of the disclosure as set forth 1n the appended claims and the
legal equivalents thereol.

What 1s claimed 1s:

1. A gas turbine engine that extends along a longitudinal
ax1is, comprising:

a bleed plenum having a plenum chamber including a first
wall spaced apart from a second wall along the longi-
tudinal axis to define a plenum slot configured to
receive a flow of fluid from a compressor section
associated with the gas turbine engine, the plenum slot
1s a continuous opening defined between the first wall
and the second wall about a circumierence of the bleed
plenum, the plenum slot has a centerline defined
between the first wall and the second wall that extends
from a plenum 1nlet to a plenum outlet, a slot angle of
the plenum slot defined between the centerline of the
plenum slot and the longitudinal axis varies about the
circumierence of the bleed plenum, the second wall
includes a bullnose having a wedge angle defined
between the second wall and a surface associated with
the compressor section, the bullnose configured to face
into the flow of fluid through the plenum slot, the
wedge angle of the bullnose varies about the circum-
ference of the bleed plenum, the second wall extends
along an axis, with a second wall angle defined between
the axis and the longitudinal axis, the second wall angle
varies about the circumierence of the bleed plenum and
the slot angle 1s different than the second wall angle.

2. The gas turbine engine of claim 1, further comprising
at least one bleed valve coupled to the plenum chamber and
configured to define a first flow zone and a second flow zone
through the bleed plenum.

3. The gas turbine engine of claim 2, wherein the slot
angle has a first value range at the first flow zone and the slot
angle has a second value range at the second flow zone.

4. The gas turbine engine of claim 3, wherein the first
value range 1s greater than the second value range.

5. The gas turbine engine of claim 2, wherein the first flow
zone 1s defined adjacent to the at least one bleed valve and
the second tlow zone 1s defined so as to be circumierentially
spaced apart from the at least one bleed valve.

6. The gas turbine engine of claim 1, wherein the first wall
extends along a first axis at a first wall angle relative to the
longitudinal axis, and the first wall angle varies about the
circumierence of the bleed plenum.

7. A gas turbine engine that extends along a longitudinal
axis, comprising:

at least one compressor stage; and

a bleed plenum disposed circumierentially about the at
least one compressor stage, the bleed plenum including
a bleed valve and a plenum chamber 1including a first
wall spaced apart form a second wall along the longi-
tudinal axis to define a plenum slot, the plenum slot 1s
a continuous opening defined between the first wall and
the second wall about a circumierence of the bleed
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plenum, the plenum slot has a centerline defined
between the first wall and the second wall that extends
from a plenum 1nlet to a plenum outlet, the bleed valve
configured to define a first flow zone and a second flow
zone through the bleed plenum, a slot angle of the
plenum slot defined between the centerline of the
plenum slot and the longitudinal axis of the gas turbine
engine varies about the circumierence of the bleed
plenum, the second wall extends along an axis, with a
second wall angle defined between the axis and the
longitudinal axis, the second wall angle varies about
the circumierence of the bleed plenum and the slot
angle 1s different than the second wall angle.

8. The gas turbine engine of claim 7, wherein the second
wall includes a bullnose having a wedge angle defined
between the second wall and a surface associated with the at
least one compressor stage, the bullnose facing configured to
face 1nto the flow of fluid through the plenum slot, and the
wedge angle of the bullnose varies about the circumierence
of the bleed plenum.

9. The gas turbine engine of claim 7, wherein the slot
angle has a first value range at the first flow zone and the slot
angle has a second value range at the second tlow zone, and
the first value range 1s different than the second value range.

10. The gas turbine engine of claim 9, wherein the first
value range 1s greater than the second value range.

11. The gas turbine engine of claim 9, wherein the first
flow zone 1s defined adjacent to the bleed valve.

12. The gas turbine engine of claim 9, wherein the second
flow zone 1s defined so as to be circumierentially spaced
apart from the bleed valve.

13. The gas turbine engine of claim 7, wherein the first
wall extends along a first axis at a first wall angle relative to
the longitudinal axis, and the first wall angle varies about the
circumierence of the bleed plenum.

14. The gas turbine engine of claim 7, wherein the first
wall and the second wall extend from the plenum chamber,
the plenum slot 1s fluidly coupled to the plenum chamber,
and the bleed valve 1s fluidly coupled to the plenum cham-
ber.

15. A gas turbine engine that extends along a longitudinal
ax1s, comprising:

a compressor section having at least one compressor

stage; and

a bleed plenum disposed circumierentially about the at

least one compressor stage, the bleed plenum including
a bleed valve and a plenum chamber including a first
wall and a second wall that extend from the plenum
chamber, the first wall spaced apart from the second
wall along the longitudinal axis to define a plenum slot
that 1s a continuous opeming defined between the first
wall and the second wall about a circumierence of the
bleed plenum, the first wall extends along a first axis
and the second wall extends along a second axis, a
second wall angle 1s defined between the second axis
and the longitudinal axis, the second wall angle varies
about the circumierence of the bleed plenum, the
plenum slot has a centerline defined between the first
wall and the second wall that extends from a plenum
inlet to a plenum outlet, the bleed valve 1s configured
to define a first flow zone and a second flow zone
through the bleed plenum, a slot angle of the plenum
slot defined between the centerline of the plenum slot
and the longitudinal axis varies about the circumfier-
ence of the bleed plenum, the slot angle 1s different than
the second wall angle, the second wall includes a
bullnose having a wedge angle defined between the
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second wall and a surface associated with the compres-
sor section, the bullnose configured to face into the flow
of fluid through the plenum slot, and the wedge angle
of the bullnose varies about the circumierence of the
bleed plenum.

16. The gas turbine engine of claim 15, wherein the slot
angle has a first value range at the first flow zone that is
greater than a second value range of the slot angle at the
second tlow zone.

17. The gas turbine engine of claim 15, wherein the first
flow zone 1s defined about and adjacent to the bleed valve,
and the second tlow zone 1s defined so as to be circumfier-
entially spaced apart from the bleed valve.
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In the Claims

Column 12, Line 17 (Claim 8), delete “facing”
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